ABSTRACT
Maize (Zea mays L.) is a major food crop in sub-Saharan Africa (SSA) (FAOSTAT, 1 2015) where it is grown on over 25 m ha mostly by smallholder farmers producing about 38 m t 2 of grain (Smale et al., 2011) . However, yields remain low ranging from 2 t ha -1 to less than 1.5 t and high season-to-season yield variability (Shiferaw et al., 2014) . In Angola and Zimbabwe 6 over 70% of maize is grown in areas with a 40-60% frequency of a failed season, while over 7 one-third of maize in Kenya, Mozambique and Tanzania is grown in areas with this frequency
8
( Kostandini et al., 2013; Tesfaye, et al., 2015) . The annual yield loss in maize due to drought is 9 estimated to be between 15-90% depending on the stage when drought occurs (Bänziger and
Araus, 2007).
11
In SSA, particularly in southern Africa, season-to-season variability in maize yields is 12 extremely high (Smale et al., 2011) . In Lesotho and Zimbabwe the coefficient of variation in 13 maize production over the last five seasons was over 50% (FAOSTAT, 2015) , while in Asia and 14 the Americas coefficients of variation in production are in single digit (Smale et al., 2011) .
15
Drought stress and low N will remain major challenges in the region where most farmers have 16 limited capacity to invest into the inputs (Cairns et al., 2013) . At the Abuja Declaration on food insecurity for smallholder farmers who depend on rainfall for crop productivity (Langyintuo 22 et al., 2008; La Rovere et al., 2010) . Kostandini et al. (2013) estimated that the adoption of DT 23 maize could generate $US 362-590 M for consumers and producers, and reduce poverty by 5% 1 within 13 countries in SSA.
2
From a maize breeding perspective, nutrient use efficiency and drought tolerance are 5, 22.7, 20.9 and 141 .3 kg ha -1 yr -1 , respectively.
16
The relative yield gap between controlled conditions on experimental stations and 17 farmers' fields is probably higher in SSA than anywhere else in the world. For example, yields in 18 managed and random stress trials in experimental stations in Zimbabwe ranged from 1.0 t ha -1 to 19 2.9 t ha -1 , while the national average yield in 2013 was 0.88 t ha -1 (FAOSTAT, 2015; 20 Magorokosho et al., 2010) . This yield gap can be attributed to the multiple stresses that crops 21 face throughout the season in smallholder farmers' fields. Testing in controlled environments is 22 essential to attain high heritability and selection pressure (Bänziger et al., 2000) . However, it is 23 essential to ensure that new varieties for commercialization perform in the environment that 1 matters the most, which is the farmers' fields. (Badu-Apraku, 2006 , 2007 , (iii) managed drought, and (iv) random stress conditions.
20
Detailed information on environments is described by (Bänziger et al. (2000; 2006) 25-40% (1.5-3.5 t ha-1) compared to yield under optimal agronomic management conditions (6-9 6 t ha -1 ). The objective of these trials was to simulate stresses that occurs in smallholder farmer's 7 fields where the grain yields are between 1-2 t ha -1 (Magorokosho et al., 2009 (Magorokosho et al., , 2010 (Magorokosho et al., , 2011 were eight metres long with crop spacing decided by the farmers based on their normal practice.
7
All trials were grown under rain-fed conditions, with farmers using their own management 8 system for fertilizer application, weeding, and pest and disease control. where, R is the response to selection, i is the selection intensity (which is 1.76 when 10% of the 7 genotypes are selected for advancement to the on-farm trials), H 2 is the broad sense heritability 8 and σ p is the phenotypic standard deviation.
9
The means of hybrids per each environment were calculated and were used to estimate , 2005; 2006) . A line that passes through the biplot origin to the average environment was 9 drawn followed by a perpendicular line that passes through the biplot origin.
Tinker

10
The genotype means for each season were obtained and presented using bar graphs and 11 the 5% least significant difference as the error bars. The trials were subsequently divided into 12 two categories based on yield levels; high-yielding trials (≥3 t ha-1) and low-yielding trials (< 3 t 13 ha -1 ). Low-yielding trials were taken to be representative of smallholder farmers who apply little (management system) interaction was present and significant (Table 2) , it reduced heritability found in the inner most part of the concentric rings and thus are high yielding and very stable.
Farmers' Maize Trait Preference Evaluation
17
When 10% of the varieties including CZH0616 were selected from this trial, the response to 18 selection was 135% (Table 2 ). This means that promising hybrids have been selected for 19 advancement. The average grain yields across ESA from the on-station trials under the evaluated 20 management practices are shown in Table 3 . The highest mean yields (7.60 t ha -1 ) were obtained 21 under optimal trials followed by the random stress trials (3.47 t ha -1 ) and managed drought (2.42 22 t ha -1 ) while low N trials had the lowest grain yield of 1.75 t ha-1 ( In the on-station trials the average grain yield under drought stress was reduced by 68% 5 (Table 3) , which was close to the target reduction of 50% in agreement with Bänziger et al. 
Performance of Drought Tolerant Maize in On-farm Trials
14
The significant differences among countries shows that environments in SSA countries 15 are associated with similar predictable stress conditions that are however modified by some 16 random factors in some seasons (Table 4) in the farmers voting because they were compared to superior varieties under good conditions.
18
However, under severe drought conditions, these varieties tend to outperform the other hybrids.
19
Therefore, there is a need to collect more biophysical data such as rainfall, soil fertility and 20 temperature to control for such conditions. Management of the trials under the farmers' 21 management practices is also critical and should also be controlled for. Indeed, breeders may 22 want to take into account some of the positive traits that farmers look for in the varieties and 1 improve on the current disliked varieties.
2
Reaching Farmers with Drought Tolerant Maize
3
The DT maize product pipeline (Figure 1 ) is closely linked with product delivery efforts.
4
To realise the project's vision there is a strong emphasis on seed production as well as promotion 5 and delivery of adapted DT maize varieties to farmers. To achieve this, the project has been 106:1-9. d.f= degrees of freedom 4 *** Significant at 0.01% probability level 5 ** Significant at 1% probability level 6 * Significant at 5% probability level 7 8 9 10 
2
The data was environment centred with genotype focused singular value partitioning. 
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